Abstract-A rooted labeled caterpillar is a rooted labeled tree transformed to a path after removing all the leaves in it. In this paper, we design the algorithm to compute the edit distance between rooted labeled caterpillars in O(λ 2 h 2 ) time, where λ and h are the maximum number of leaves and the maximum height in two caterpillars, respectively.
I. INTRODUCTION
C OMPARING tree-structured data such as HTML and XML data for web mining or RNA and glycan data for bioinformatics is one of the important tasks for data mining. The most famous distance measure [2] between rooted labeled unordered trees (trees, for short) is the edit distance [9] . The edit distance is formulated as the minimum cost of edit operations, consisting of a substitution, a deletion and an insertion, applied to transform a tree to another tree. It is known that the edit distance is always a metric and coincides with the minimum cost of Tai mappings [9] .
Unfortunately, the problem of computing the edit distance between trees is MAX SNP-hard [13] . This statement also holds even if trees are binary or the maximum height of trees is at most 3 [1], [4] .
Many variations of the edit distance have developed as more structurally sensitive distances, by introducing the restriction of Tai mappings (cf., [7] , [11] ). All the variations except those of an alignment distance [5] are metrics and the problem of computing them is tractable [10] , [11] , [12] , [14] . In particular, the isolated-subtree distance (or constrained distance) [12] , which is defined as the minimum cost of isolated-subtree mappings, is the most general tractable variation of the edit distance [11] .
On the other hand, a caterpillar (cf. [3] ) is a tree transformed to a path after removing all the leaves in it. Whereas the caterpillars are very restricted and simple, there are some cases containing many caterpillars in real dataset, see Table II in  Appendix. As a method to compare two caterpillars, we can adopt a complete subtree histogram distance, which is an L 1 -distance between histograms consisting of complete subtrees in two trees [1] . The complete subtree histogram is computable in * The author would like to express thanks for support by Grant-in-Aid for Scientific Research 17H00762, 16H02870 and 16H01743 from the Ministry of Education, Culture, Sports, Science and Technology, Japan.
linear time and always a metric but it is greater than the edit distance in general [1] . In particular, as an extreme case, there exists two caterpillars such that the edit distance between them is one but the complete subtree histogram distance is the number of nodes in two caterpillars, consider two paths with the same length such that the labels of leaves are different.
As another method, we can also adopt a path histogram distance, which is an L 1 -distance between histograms consisting of paths from the root to leaves in two trees [6] . The path histogram distance is computable in linear time and always a metric for caterpillars, which is not a metric for trees, but it is incomparable with the edit distance [6] .
Since a caterpillar is an unordered tree, it remains open whether or not the problem of computing the edit distance between caterpillars is tractable. Hence, we discuss this problem.
First, we point out that there exists a Tai mapping between two caterpillars that is not an isolated-subtree mapping. Then, we cannot apply the algorithm to compute the isolated-subtree distance or its variations [10] , [11] , [12] , [14] that are tractable variations of the edit distance, to compute the edit distance between caterpillars.
On the other hand, a caterpillar has the structural property that the children of a non-leaf node in a caterpillar consist of at most one caterpillar and leaves (possibly empty). Then, by deleting a non-leaf node in a caterpillar, we obtain at most one caterpillar and the set of leaves as a forest. Furthermore, once such leaves are obtained, then we can add them to the previous set of leaves.
Based on this property, in this paper, we design the algorithm to compute the edit distance between caterpillars in O(λ 2 h 2 ) time, where λ and h are the maximum number of leaves and the maximum height in two caterpillars, respectively. Furthermore, we point out that the structural restriction of caterpillars provides the limitation of tractable computing of the edit distance for unordered trees.
II. CATERPILLARS AND EDIT DISTANCE
A tree T is a connected graph (V, E) without cycles, where V is the set of vertices and E is the set of edges. We denote V and E by V (T ) and E(T ). The size of T is |V | and denoted by |T |. We sometime denote v ∈ V (T ) by v ∈ T . We denote an empty tree (∅, ∅) by ∅. A rooted tree is a tree with one 
